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Abstract In this paper, a family of ruled surfaces generated by some special curves using a Frenet 
frame of that curves in Euclidean 3-space is investigated. Some important results are obtained in the 
case of general helices as well as slant helices. Moreover, as an application, circular general helices, 
spherical general helices, Salkowski curves and circular slant helices, which illustrate the results, are 
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1. Introduction 


The study of some classes of surfaces with special properties in 
E? such as developable, minimal, [I-minimal, and II-flat is one 
of the principal aims of the classical differential geometry. 
There are many important kinds of surfaces such as cyclic, rev- 
olution, helicoid, rotational, canal, ruled surfaces and so on. 
This kind of surfaces has an important role and many applica- 
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tions in different fields, such as Physics, Computer Aided Geo- 
metric Design and the study of design problems in spatial 
mechanism, etc [1,2]. There are many studies that interested 
with many properties of these surfaces in Euclidean space 
and some characterizations [3,4]. Furthermore, many geome- 
ters have studied some of the differential geometric concepts 
of the ruled surfaces in Minkowski space [5-8]. 

A helix (circular helix) is a geometric curve with non-van- 
ishing constant curvature « and non-vanishing constant tor- 
sion T. It is a special case of a general helix [9-11]. The 
general helix is the curve such that the tangent makes a con- 
stant angle with a fixed straight line which is called the axis 
of the general helix. A classical result stated by Lancret in 
1802 and first proved by de Saint Venant in 1845 says that: 
A necessary and sufficient condition that a curve be a general 
helix is that the ratio 
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is constant along the curve, where « and t denote the curvature 
and the torsion, respectively [12]. 

The s/ant helix is the curve such that the normal line makes 
a constant angle with a fixed straight line which is called the 
axis of the slant helix [13]. Izumiya and Takeuchi [13] proved 
that: A curve is a slant helix if and only if the geodesic curvature 
of the principal image of the principal normal indicatrix 

2 


K TN’ 
(K +) (3 
is constant along the curve. 

The determining of the position vector of some different 
curves according to the intrinsic equations «Kk = xk(s) and 
t = t(s) (where x and qt are the curvature and torsion of the 
curve) is considered as a one of important subjects. Recently, 
the parametric representation of general helices and slant heli- 
ces as an important special curves in Euclidean space E? are 
deduced by Ali [14,15]. 

Ruled surfaces are surfaces which are generated by moving 
a straight line continuously in the space and are one of the 
most important topics of differential geometry [16]. In this pa- 
per, we investigate a family of ruled surfaces generated by 
some special curves in Euclidean 3-space E? and we obtained 
some important results in the case of general helices and slant 
helices as a base curve of this ruled surfaces. 


2. Basic concepts 


Let E’ be a 3-dimensional Euclidean space provided with the 
metric given by 


= dx; + dx; + d$, 


where (x1, X2, x3) is a rectangular coordinate system of E’. 
Let ¢ = ce(s): I c R—E is an arbitrary curve of arc-length 
parameter s. Let  {e,(s), e2(s), e3(s)) be the moving 
Frenet frame along c, then the Frenet formulae is given 
by [12] 


e; (s) 0 k(s) 0 e (s) 
e'(s)| =|) 0 le) J. (1) 
e’, (s) 0 —t(s) 0 e;(s) 


where the functions «(s) and t(s) are the curvature and the tor- 
sion of the curve c, respectively. 

A ruled surface is generated by a one-parameter family of 
straight lines and it possesses a parametric representation 


P(s, v) = ce(s) +v X(s), (2) 


where ce(s) is called the base curve and X(s) is the unit repre- 
sents a space curve which representing the direction of straight 
line [17]. 

If there exists a common perpendicular to two constructive 
rulings in the ruled surface, then the foot of the common per- 
pendicular on the main rulings is called a central point. The lo- 
cus of the central point is called striction curve [4]. The 
parametrization of the striction curve on the ruled surface 
(2) is given by 





X(s). (3) 
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If |X || = 0, then the ruled surface does not have any 
striction curve. In this case the ruled surface is cylindrical. 
Thus the base curve can take as a striction curve. 

The standard unit normal vector field U on a surface ¥ can 
be defined by: 

PAY 


Lee, 4 
LASAR 4) 


where ¥, = rey) and ¥, = . The first Z and second JI 


fundamental forms of the ae Y are given by, respectively 


I= Eds’ +2Fdsdv + Gdv, (5) 
II = eds’ + 2fdsdv + gadv, (6) 
where 
E= (Py )y PAV Ph Gal, Py č 

= (Ps, U), f= (Po, U), g= (Pov; U). 


On the other hand, the Gaussian curvature K, the mean 
curvature H and the distribution parameter 2 are given by, 
respectively [18] 


_ ef 


EG — FP (7) 
_ Eg+Ge-—2Ff (8) 
= UEG- F) ’ 
det(c’, X, X’) 
ee a, 9 
xi A 


From Brioschi’s formula in a Euclidean 3-space, we are 
able to compute Kz of a surface by replacing the components 
of the first fundamental form E, F and G by the components of 
the second fundamental form e, f and g respectively. Conse- 
quently, the second Gaussian curvature Kz of a surface is de- 
fined by [19]: 


—Swtfov 3855 tes fte 0 se, 4g, 
Se pe fi - 38s e f a je, e 7 
aey f g 38, f 8 

(10) 


Having in mind the usual technique for computing the sec- 
ond mean curvature Hzr by using the normal variation of the 
area functional for the surfaces in E? one gets [20]: 


1 
Hy = A+ z 4nln(K) 


where H and K denote the mean, respectively Gaussian curva- 
tures of surface and ^A; 1s the Laplacian for functions com- 
puted with respect to the second fundamental form J// as 
metric. The second mean curvature Hz can be equivalently ex- 
pressed as 


Hy = 


H+ eta ba | VOI a (InvK)}, (11) 


where (/,;) denotes the associated matrix with its inverse (h’), 
the indices i, j belong to {1,2} and the parameters u', u are 
s, v respectively. 

The geodesic curvature, the normal curvature and the geo- 
desic torsion which associate the curve ce(s) on the surface ¥ 


can be computed as follows: 


Kz = (UAe,e,), Ka = (C, U), t= (UAU, e). (12) 
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Now, we can write the following important definitions: 


Definition 2.1 [21]. For a curve ce(s) lying on a surface, the 
following are well-known: 


(1) e(s) is a geodesic curve if and only if the geodesic curva- 
ture Ke vanishes. 

(2) e(s) is an asymptotic line if and only if the normal curva- 
ture xk, vanishes. 

(3) c(s) is a principal line if and only if the geodesic torsion 
To vanishes. 


Definition 2.2 [22]. 


(1) A regular surface is flat (developable) if and only if its 
Gaussian curvature vanishes identically. 

(2) A regular surface for which the mean curvature vanishes 
identically is called a minimal surface. 

(3) A surface is called II-flat if the second Gaussian curva- 
ture vanishes identically. 

(4) A surface is called [I-minimal if the second mean curva- 
ture vanishes identically. 


It is worth noting that the ruled surfaces (2) is developable 
if and only if the distribution parameter / of the surface ¥ van- 
ishes identically [23]. 


3. Some characterizations of ruled surfaces in general form 


For our study, we consider the following generated surface 


using a curve c(s) as a base curve: 
S: Y(s,v) =e(s)+v X(s), X(s)40, VER, (13) 


where 
Xs) = di e,(s), (14) 


is a unit vector with fixed components, i.e., x? + x3 + x4 = 1. 
The natural frame {¥,, Y,} of (13)is given by: 


(15) 


l P, = (1 — vxK)e, + v(xiK — x31)e2 + (VX2T)es, 
Yi = Xe] + X2€2 + X363. 


From the above equation, we can obtain the components of 
the first and second fundamental forms of ¥, respectively, as 
the following: 


E = (1 — vk) E v? (xik — x31) ale (vx2t)’, 
F= Xl, (16) 
G=l1, 


e=} | [x2(tK! — Kt) — x4 (x5 +.x3) 03 — x3(1 — 3x7) Kt? — x1 (1 — 3x3) Kt 
=x (x7 + x4) ] v + 2x2 (sxe +017) xixa + (x2 +23)°r' v= xx], 


(17) 


A = | (x7 F x5) K? — 2X1x3KT + (x5 F a v — 2x.KV + x5 


2 
+ X3. 


Making use of the data described above, the Gaussian cur- 
vature K, the mean curvature H and the distribution parame- 
ter A are given respectively, by 


a i (18) 


E-F’ 
e—2Ff 
H=- 19 
2(E- F)’ m 
2 2) =. 
p ta) 20) 


x3(K2 + 12) + (xik — x37) 


Also, from (10) the second Gaussian curvature of ¥ is gi- 
ven as follows: 


flew _ fy) _ (e, a 2f Y = 1 o (£ = 2t) (21) 
2f Sfo f 


From (18)-(21) and (11), at the point (s, 0), we have the fol- 
lowing results respectively 


2 
X1X3 
ksa = j3 
Gr)" |. (22) 


x3(1 — 2x7) + 2x1 (x5 + x3)t 
2(x2 + x3)?” 





Kn = 





H= | (23) 


l 
24/ x3 + x3 [xix — (x5 + id 
x [2x1 (x5 + x3) [Bxix3K — (x3 +.x3)t] 0° + K? 


x (x x3 (23 + 24)? — xte - 228)] 


Ay = 


+X (x3 + x3) (5) ) + (x5 + x3) (2x1 [x7 (x5 — 3x3) 


+ 23 (x2 + x3)| x — xa (x3 + x3)K')t 


+ X1X2X3 (x5 + x$) KK], (24) 
l 
Si 3/2 iT 
2(x2 + x2) [xix — (x3 + x3) g 
x [xix (x3 +23) K[x2K! — 4x31] 
ak el Xe x5) = xil + x3)" (2x50? + 2x31(t? — Kk’) 
—X7X3KK ) — Xi (x E3 xo) K (x3 [ess + X) K —5 e I a) a 
+x (x5 +23)1') — (xp + 2)" (x3 [x30° +.25(«> +7°)| 
+X (x5 +.x3)t')]. (25) 
Furthermore, we will use (12) to get the geodesic curvature, 
the normal curvature and the geodesic torsion which associate 
the curve c(s) on the surface ¥ as the following forms, 
respectively: 
K 


Ke =G [x — [ (xy +25) — xıx3t]v], (26) 
Kn = = [xs — X2(x3K + x\T)VI, (27) 


l 
t= [xax3K7 — v(x3(x7 + 2x5)K? + x(x} — 2x3) Ket 


+x (x5 + x3) KT +X (x5 + X9)K° (=) 
+x [es + x)% — x1X3K]| K'K') + xav ((x3K + X11) 


X K hao +7”) + (xK — xst)? +x (=) )| : (28) 


288 


At the point (s; 0), above equations take the simple form: 


2 
tg = (29) 


a a2 2s 
x5 + X3 


XK X3 K 


‘e= 2 Z? Ky = 2 a? 
yy X5 + X3 Vf X5 + X3 


Then we have the following properties: 


Ke +e =r. (30) 





From (14) and (1), it is easy to see that the parametrization 
of the striction curve on the ruled surface (13) is defined by: 
x XK 
ce(s) = e(s) + ——,, X(s). (31) 

POJK 

From the above study, one can formulate the following 

corollaries: 


Corollary 3.1. At the point (s, 0), the ruled surface (13) is a flat 


ee if and only if the curve c(s) is a general helix with 
TS XX 
x(s) T Bea? 





Corollary 3.2. At the point (s,0), the ruled surface (13) is a 

minimal surface if and only if the curve c(s) is a general helix 
ap 9) x3(2x?—1) 

with K(s) 2x (x242) 

In the following we will compute the Gaussian curvature K, 
the mean curvature H, the second Gaussian curvature Kz, the 
second mean curvature H7, as well as the geodesic curvature 
Kg, the normal curvature k,, and the geodesic torsion t, in a 
special cases, respectively. 


Case 3.1. At x, = 0, the ruled surface (13) has the following: 


X3K 

k=-—_, H=- 

T y] 2 7 

K 

Kr==- zalak +07) +01'I, 

- | ( 2 ) | (32) 
Hy = xa [2x2(2tK — xt’) — x3«(2x5K7 + 31°)], 

T 
Kg = X2K, Ky = X3K, Tg = OO 


Corollary 3.3. At the point (s,0), the ruled surface (13) with 
x, = 0 is: 


(1) Flat surface if the base curve is a plane curve. 

(2) Minimal surface if the base curve is straight line. 

(3) H-minimal surface if the base curve has the following 
characterization 


2x2(2tK! — Kt’) — x3K(2x5K° + 37°) = 0. 


(4) U-Flat surface if the base curve has the following 
characterization 


[= Z Cee + a). 
2 


Case 3.2. At x». = 0, the ruled surface (13) has the following: 


2 
| 2 
K=-(2£-:), Ħ#=K1=3(%-1)e- (Z); 
X3 2AN, X3 
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Corollary 3.4. At the point (s, 0), in the ruled surface (13) with 
x = 0 the following are satisfied: 


(1) The ruled surface is a flat surface if the base curve is gen- 


eral helix with t(s) = (=) K(s). 


X3 


(2) The ruled surface is I-minimal surface if the base curve is 
general helix with t(s) = —4 (2 + 2) K(s). 


Corollary 3.5. At the point (s,0), in the ruled surface (13) with 
x2 = 0 the following statements are equivalent: 


(1) The ruled surface is a minimal surface. 
(2) The ruled surface is [-flat surface. 
(3) The base curve is general helix with t(s) = 4 (2 


z 2) x(s). 


Case 3.3. At x3 = 0, the ruled surface (13) has the following: 


K=-?, H=- (z5) | 
X2 


2X1 XT? + KT X (21K — Kt!) — x (2K +.x517)t 
GS hU A e 
2K T 


AG 
Ke =K, Knr=l, t=. 


, 


T2 


(34) 


Corollary 3.6. At the point (s,0), the ruled surface (13) with 
x3 = 0 is: 


(1) Flat surface if the base curve is a plane curve. 
(2) Minimal surface if the base curve is a plane curve. 
(3) U-flat surface if the base curve has the intrinsic equations 


l 


yf cr = 4x12 fy 


where c; is an arbitrary constant. 
(4) H-minimal surface if the base curve has the intrinsic 
equations 


K=k(s) and t= 


2x] 


K? (s) e xy K(s)ds 


K=k(s) and t= 


P] 


4x 
c +2x1x2 f (s) ee J Oddy 


where c is an arbitrary constant. 


Case 3.4. At x; = x2 = 0 and x3 = 1, the ruled surface (13) at 
the point (s,0), has the following: 


3 
K=-r, Hy=3H=3Ky= -(), 


2 (35) 


ke=0, Kp=K, te=0. 
Corollary 3.7. At the point (s,0), the ruled surface (13) with 


xı = X = 0 and x; = 1l is flat if the base curve is a plane curve. 


Corollary 3.8. At the point (s,0), the ruled surface (13) with 
xX; =X2=0 and x;=1, the following statements are 
equivalent: 
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(1) The ruled surface is minimal surface. 
(2) The ruled surface is I-minimal surface. 
(3) The ruled surface is I-flat surface. 

(4) The base curve is a straight line. 


Case 3.5. At x; = x3 = 0 and x, = 1, the ruled surface (13) 
has the following: 


K=-?r, H=0, 
KT! Dik — KT' 
Ki = =| Ay = S=; ~ 36 
u=-(), eS (36) 
Ko = K, K,=0, 1 =0 


Corollary 3.9. At the point (s,0), the ruled surface (13) with 
x; = x3 = Oand x, = l is flat if the base curve is a plane curve. 


Corollary 3.10. At the point (s,0), the ruled surface (13) with 
x; = x3 = 0 and x = l is minimal surface. 


Corollary 3.11. At the point (s,0), the ruled surface (13) with 
xı = x3 = 0 and xz = 1 is Il-flat surface if the base curve has a 
constant torsion. 


Corollary 3.12. At the point (s,0), the ruled surface (13) with 
x; = x3 = 0 and x» = 1 is I-minimal surface if the intrinsic 
equations of the base curve are: 


kK=K(s) and t=c; K(s), 


where c3 is an arbitrary constant. 


Case 3.6. At x2 = x3 = 0 and x; = 
has the following: 


K=0, H=-(<—] 


1, the ruled surface (13) 


2vK/” (37) 
Kg=—K, kK,=0, 1,=0. 
Corollary 3.13. The ruled surface (13) with x2 = x3 = 0 and 
x; = 1 is a flat (developable) surface. 
Corollary 3.14. The ruled surface (13) with x2 = x3 = 0 and 


xı = 1 is minimal if the base curve is a plane curve. 


It is worth noting that the second mean curvature and sec- 
ond Gaussian curvature are defined only on the non-develop- 
able surfaces. 


Remark 3.15. On the ruled surface (13) with x. = x3 = 0 and 
x; = 1 we have Y, a Y, = —vKe 3. The normal vector on this 
surface is U = e3. While, at the point (s, 0), the normal vector 
is not defined because ¥, A WY, = 0. Therefore, all curvatures 
K, H, Hy, Ki, Kg, Kn and Tt, are not defined at the point (s, 0). 


4. Ruled surfaces generated by some special curves 


In this section, we consider ruled surfaces generated by some 
important special curves such as general helices and slant 
helices. 


4.1. Ruled surfaces generated by general helices 


Theorem 4.1. [14]:The position vector c of general helix is 
expressed in the natural representation form as follows: 


e(s)=V1—n? 
| (oe rf nl fn ns 
(38) 
where m= =>", n=cos|¢] and ¢ is the angle between the 


fixed straight line e; (axis of a general helix) and the tangent 
vector of the curve c. 


From the above theorem we have 


ei(s) =V1 =n? (cos[V1 +n? fk(s)ds],sin [V1 +m? f(s) ds] ,m), 
eo(s) = (—sin [V1 +m [x(s)ds|,cos [V1 +n? [«(s)ds],0), 


(s ex(s) = (- ncos [V1 +n? [«(s)ds],—nsin | V1 +m? f(s) ds], VIZ). 
(39) 


Then the position vector ¥(s, v) = (#1, Y2, Y3) of the ruled 
surfaces (13) generated by the general helix takes the following 
form: 














P = = [J cos[@] ]ds + v| (xı —mx3)cos[O] — v1 +m? xzsin[O]]], 
ru sin[O]ds-+ v[(xı —mxs) sin[O] + VT mx cos[@]]], 
P, = — [ms + v(mx, + x3)], 
(40) 
where O = v1 + m | k(s) ds 


Here, we introduced the position vector of ruled surfaces 
generated by some special cases of general helices: 


Case (1) In this case we take a circular helix (the curvature 
and torsion are constants) with the intrinsic 
equations 


k(s) =x and t(s)=mk. 


Then the components of the position vector of the ruled 
surfaces generated by circular helix are: 


dia [1 — (1 +m?) xox] sin [V1 + mxs] 
+v1 +m? (xı — mx3)Kvcos [V1 + mis] ], 

Y, = ET [[(1 + m?)xzx7v — 1] cos [V1 + m«s] (41) 
+V1 + m?(xı 1 + mxs]], 

Y, = T [ms + v(mx, + x3)]. 


Y= 


— mx3)kv sin | 





Case (2) In this case we take a general helix with the intrinsic 
equations given by 


«(s) =" and t(s) = 2E, 


where a is an arbitrary constant. Then the components of the 
position vector of the ruled surface take the form: 
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y= a= (+ (xı — mxs)v) cos[O] + (&- xv) sin[@]]| , 


r= leven) 
P, = pr v(mx) + x3)], 











(42) 
where b = ay 1 + m and 0 = bLog{s]. 


Case (3) In this case we take a spherical general helix with the 
intrinsic equations are [24,25]: 


a ma 


aay ra AY TT 


where a is an arbitrary constant. The components of the posi- 
tion vector of the ruled surface can be written as: 


Y, = (x -mx3)v- apa cos[O] + l av |—m?s° 


a’ (1+m*)—m? 


— xX? v] sin[O], 





Yat 1 -masalo peo eola 


P, ="“|ms+v(mx +x3)], 


m = 


(43) 


where © = 4 sin '[ms]. 


4.2. Ruled surfaces generated by slant helices 


Theorem 4.2. [15]:The position vector c = (¢;(s), c2(s), c3(s)) 
of a slant helix is computed in the natural representation form: 


s) cos [4 arcsin (m f «(s) ds) | ds] ds, 

s) sin |} arcsin (m f «(s) ds) | ds] ds, (44) 
| f «(s) ds] ds, 

where m = ~> = n= cos[@] and ġ is the angle between the 


fixed straight line (axis of a slant helix) and the principal nor- 
mal vector of the curve c. 





From the above theorem we can compute the tangent 
e; = (€11(5), e12(8), €13(s)), the normal es = (@2;(), e20(3), 
€>3(s)) and the binormal e3 = (€3)(s), e32(s), e33(s)) as the 


following: 
ei(s ar cos |} arcsin si mi 
en(s) == f «(s) sin Pi arcsin(m f x(s)ds)| ds (45) 
e13(s) = n| f K(s) 
ez (s) =“ cos l arcsin(m f «(s) ds)], 
en (s) == sin |+ arcsin(m f «(s) ds)], (46) 
€23 (s) =N, 


1- m?({ K(s) ds). 


Then the position vector Y(s, v) = (#1, Y2, 3) of the ruled 
surface (13) generated by the slant helix takes the following 
form: 


€93(8) = Hi 
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=£ flf'x(s)cos[®]ds]ds+ v( (x2 — x10 -mx V1- 6") cos|] 
+I Fm (x V1 = @ — x30) sin{®)) ], 
= 4] fL'x(s)sin[®] ds]ds-+v( (x2 — mx - mxs VT = ©) sin] 
iaei], 
=1|f@ds+v(x10+mx+x3VI-0°)|, 
(48) 


where © = m f k(s)ds and © = + arcsin[O]. 

In what e we presented the position vector of some 
important slant helices such as Salkowski, antiSalkowski, 
spherical slant helix. 


Case (1) In this case, we take a Salkowski curve [26,27] whose 
intrinsic equations are: 


ms 
P&L a e (49) 


The explicit parametric representation of such curve can be 
written as follows: 


Yl) = in act cos[(2n+ 1) +4 


Wo(0) = | 254 sin[(2n + 1) — 244 sin{(2n— 1) — 2sinfa], 
Y(t) = -z cos[2nt], 





[(2 — 1)4] — 2cosļi]|, 














(50) 
where ¢ = + arcsin(ms). 


Case (2) In this case, we take an anti-Salkowski curve [26,27] 
with its intrinsic equations are: 


a ç yel 5] 
K = oe t= 1. (51) 


This curve has the following 


representation: 
Wi(t)=z Ea sin|(2n+ 1)t| + 
Wo(t) = | FH cos[(1 + 27)i] = HF cos[(1 — 2n)t] + 2ncos[d]], 
y(t) =z (2nt — sin[2nt]), 


explicit parametric 








nl [(2n- 1) — 2nsin{d], 








(52) 


where ¢ = arcsin(m@) and 0 = 4=2F= 


Case (3) In this case, we take a circular slant helix [24] which 
has intrinsic equations are: 


u E 
a cos[u sl, < = sin[u s], (33) 


The natural representation of such curve is in the following 
form: 


yi (s) = — 2, [0 +n?) cos[y s] cos] + 27 sin[u s] sinf], 


Vals) = -75 [1 +7?) co 
W3(s) = — zq Coslu s). 


s[u s] sinf] — 2n sin[u s] cos[4]], 


(54) 
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Figure 1 


Some ruled surfaces generated by circular helices. 








Figure 2 Some ruled surfaces generated by circular helices. 


The above curve is a geodesic of the tangent developable of 
a general helix [13]. 

In the following remarks, we will illustrate in what values 
the graph plotted. 


Remark 4.3. It is worth noting that: 


(1) The ruled surfaces generated by circular general helices 
are illustrated by graph in Figs. 1 and 2. 


(2) The ruled surfaces generated by spherical general helices 
are illustrated by graph in Figs. 3 and 4. 

(3) The ruled surfaces generated by Salkowski curves are 
illustrated by graph in Figs. 5 and 6. 

(4) The ruled surfaces generated by circular slant helix is 
illustrated by graph in Figs. 7 and 8. 


Remark 4.4. We will take the symbols (L, M and R) that 
means (Left, Middle and Right) in the graph, respectively. 
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Figure 4 Some ruled surfaces generated by spherical general helices. 
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Figure 5 Some ruled surfaces generated by Salkowski curves. 
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Figure 6 Some ruled surfaces generated by Salkowski curves. 
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Figure 7 Some ruled surfaces generated by circular slant helices. 
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Fig. 3: L: (a=2,m=l,x = 0,x2 = x3 = z5), M: 

(ama = cme le R (@=3m= L 

x = 0, x =F, 53 

Fig. 4: L (a=},m=1,x =}, = 4,3 =)), M: 

GE En ea) a=ł4,m=4,x] = 

Ta e, 

FeS: L: (m=+Ł,xı = 0, X2 = x3 = 5); M: (m = 3,x. = 0, 
a es.) — = SF ae E 

x1 =5,%3 hR (m= 1,x3 = 0,41 = 5,92 =P) 

Fig. 6: L: (m = 1,x) =x, =x3 =), M: (m=1,x, = 

Xp = 5,43 =z), R: (m = 2,x1 = 34%. = Xs = FR). 

Fig. 7: L: Qu=5,m=1,x, = x. =0,x3=1), M 

(b> zma 1k: Dap R Ge = 3m = AL, 


X2 Z X3 7 0, x1 = 1). 

Fig. 8: L: (u= 10,m =2,xı =x =x; = }), M: (u=3, 

m= 79,%1 =X2 = 3 =z), R: 
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